The drying of grapes is a more complex process compared to the dehydration of other agricultural materials due to the necessity of a pretreatment operation prior to drying. Grape drying to produce raisins is a very slow process, due to the peculiar structure of grape peel, that is covered by a waxy layer. Its removal has been so far carried out by using several chemical pre-treatments. However, they cause heterogeneity in the waxes removal and create microscopic cracks. In this paper an abrasive pretreatment for enhancing the drying rate and preserving the grape samples is proposed. Two cultivars of grape were investigated: Regina white grape and Red Globe red grape. The drying kinetics of untreated and treated samples were studied using a convective oven at 50˚C. Fruit quality parameters such as sugar and organic acid contents, shrinkage, texture, peel damage (i.e. by SEM analysis) and rehydration capacity were studied to evaluate the effectiveness of abrasive pretreatment on raisins. Abrasive pretreatment contributed to reduce drying time and rehydration time. The treated and untreated dried grapes were significantly different (p < 0.05) in sugar and in tartaric acid content. On the contrary, no significant differences (p < 0.05) in malic and citric acids and in texture properties between untreated and treated samples were observed.
Introduction
Fresh grapes are very sensitive to microbial spoilage during storage, even under refrigerated conditions, having relatively high moisture contents (80% -85% wet basis). Therefore, within a few weeks following harvest, they must either be consumed or processed into various products. Drying is the most common method for grape processing. It can process grapes into raisins for longer shelf-life by reducing the moisture content to a low level. Raisins can be consumed either directly as ready-to-eat food or as ingredients in biscuits, breads and porridges [1] .
Traditionally raisins are obtained by sun drying of the fruit for eight to ten days, which substantially reduces water content. This drying method is cheap, but there is a risk of damage due to dust and insect infection [2] and the sensory quality can also be seriously damaged during exposure to sunlight [3] . Convective drying is one of the oldest and alternative dehydration methods in which hot air removes the water from the fruit surface. This creates a diffusion gradient in the food that moves the water from the interior to the outer surface [4] . However, this process decreases the quality of the final product [5] . Moreover, dehydration causes damages in texture, color, taste and nutritional value of food due to the high temperatures and long drying times required in the process [6] . The drying of grape should be carried out quickly (less exposure time to oxygen) and at relatively low drying temperature [7] .
The peel of the grape plays a critical role in controlling the drying process. Grape peel consists of a wax layer as a protective barrier against fungal pathogens [8] . However, this coating reduces permeability and therefore hinders the process of water transfer [9] [10]. Due to this, prior to drying, several chemical and physical pretreatments are used to enhance permeability and increase the drying rate, while preserving the physical, chemical, nutritional and sensory qualities of the final product [7] . Dipping waxy fruits for several seconds in solution of ethyl oleate or other suitable compound (usually fatty acid derivatives used as wetting agents and emulsifiers) greatly reduces drying time [11] [12] . The effects of pretreatment solutions on seedless grapes during drying were reported in literature [13] . Chemical pretreatments normally break down the waxy cuticular fruit surface and creates microscopic cracks which increase moisture permeability. The best pretreatment method before drying of any fruit should reduce drying time while keeping high quality of product (color, nutritional properties, taste, etc.).
Di Matteo et al. [14] tested a new physical pretreatment method on seedless grape and showed that superficial abrasion of the berry peel using an inert abrasive material can be as effective as ethyl oleate. In a previous study [15] , we found that treated white and red grapes showed reduced drying times due to faster release of moisture and lower color changes. Moreover, drying kinetics was modeled by several empirical models and the highest correlation coefficient was represented by two compartment model for the treated white and red grapes and Page model for untreated white and red grapes.
The purpose of the present work is to study the effect of the physical pretreatment, on two different cultivars of white and red grapes (Regina and Red Globe respectively) of Italy. The pretreatment consisted of superficial abrasion of the grape peel by an inert abrasive material to remove the cuticular waxy layer. Drying kinetics, sugar and organic acids contents, shrinkage, microstructure, texture properties and rehydration capacity were reported.
Materials and Methods

Samples Preparation
Grapes selected from Regina (white cultivar) and Red Globe (red cultivar) were used for the experiments. To ensure the uniformity of the physical characteristics of experimental materials, the grape samples with the similar size (Table 1) were selected from the same farm. Some physicochemical characteristics of grapes used are given in Table 1 . Before drying, samples of white and red grapes were submitted to a physical abrasive pretreatment. The abrasion of the grape peel was carried out in a pilot system with motorized rotating drum created by Prof. Marisa Di Matteo, Department of Industrial Engineering, University of Salerno [10] [14] . The drum was made of plexiglass, lined inside with sandpaper. The rotation speed of drum was 9 rpm, the pretreatment time was 30 min. A patent is applying for this new system.
Drying Experiments
Drying of grapes was carried out in a convective dryer (Zanussi FCV/E6L3) at 50˚C with an air velocity of 2.3 m/s until similar water content for both grapes (about 0.08 g/g sample for white grape and 0.06 g/g sample for red grape) was achieved. At regular intervals the samples were weighted by means of a digital balance (mod. Gibertini E42, Italia). Two kinds of samples were compared during drying: untreated grape and treated grape samples. Moisture ratio (MR) was calculated as the ratio between the actual (M t ) and the initial (M 0 ) moisture content. The results were reported as average of three sets of experiments.
Sugar and Organic Acids Analysis
The fructose and glucose contents were determined by HPLC method according to literature [10] . Organic acids were determined by ion exchange chromatography [16] .
Shrinkage Curves
Samples were obtained during the drying experiments by taking six fruit berries for each cultivar. The length and diameter of the fruits were measured using a digital caliper micrometer. The shrinkage of the samples was then expressed as the ratio of decrease in sample volume (V 0 -V) and initial sample volume (V 0 ), where V is the volume at a given drying time.
Texture Measurements
Texture of dried samples was measured by means of Texture Profile Analysis (force-deformation) with a Texture Analyzer (Ametek Lloyd Instruments LRX plus, UK) provided with specific software (Nexygen batch 4.1). Each of the ten dried grapes used for tests was compressed between two parallel plates (diameter of 3.5 cm) up to 50% of its initial thickness; two consecutive cycles of compression were performed on each sample with 5 s between cycles. The cross-head moved at a constant speed of 0.25 mm/sec. From the resulting force-deformation curve the following parameters were determined: hardness (N), maximum force required to compress the sample; springiness, ability of sample to recover its original form after the deforming force is removed; chewiness (N * mm), the work necessary to chew a solid sample to a steady state of swallowing.
SEM Images
The microstructure of grape peel samples was evaluated by images from Scanning Electron Microscope (SIGMA ZEISS, featuring GEMINI ® technology). Samples were prior coated with a thin layer of gold in a sputter coater (AGAR Auto Sputter Coater, mod. 108 A, England) for 150 s [6] .
Rehydration Kinetics
Rehydration kinetics was carried out at room temperature. The approximate volume ratio of dried fruits and water was kept as 1:30 [17] . The rehydrated samples were spread on absorbent paper for the removal of free water on the surface of berries. The change in weight was recorded at constant time intervals. The rehydration capacity, described as rehydration ratio, was calculated from the ratio of sample weight after and before the rehydration by using Equation (1) 
Statistical Analysis
Experiments were performed in triplicate. Data reported are the mean and the standard deviation calculated from three replicates. The analysis of variance (ANOVA) at the level of significance p < 0.05 using Student-NeumanKeuls test was applied to the data.
Results and Discussion
Drying Kinetics
To compare the effect of pretreatment on the drying kinetics of Regina and Red Globe grapes, the curves of MR versus drying time are shown in Figure 1 and Figure 2 , respectively. It can be seen that MR of grape samples decreased with the increase of drying time and the abrasive pretreatment shortened the drying time significantly compared to the untreated samples. In particular, the moisture content of untreated white samples decreased slowly from 0.78 ± 0.01 g/g sample (MR = 1) to 0.08 ± 0.003 g/g sample (MR = 0.12) in 126 h; whereas treated white samples showed a moisture loss from initial value 0.80 ± 0.01 g/g sample (MR = 1) up to 0.06 ± 0.003 g/g sample (MR = 0.11) in only 50 h. In a similar way, the treated red samples had a faster moisture loss with respect to untreated ones: the drying time decreased from 154 h, for untreated berries, to 56 h for treated ones. In summary, the pretreated grapes took 60% -64% less drying time than those which were not pretreated, to reach the same final moisture content.
Sugar and Organic Acids
Raisins are a rich source of carbohydrate. Glucose and fructose are the main sugars detected in both grape cultivars. As reported by other authors for grapes [7] and plums [10] , a reduction of sugar content was observed during drying, probably caused by non-enzymatic browning reactions (Figure 3 and Figure 4) . About white grapes, a reduction of fructose content (about 26%) was measured for both untreated and treated dried samples, while the decrease in glucose content (22% and 13%, respectively for untreated and treated grapes) was lower for treated raisins. With regard to red grape, at the end of drying process a higher decrease in sugar content, for both glucose and fructose, was observed for untreated samples (reduction of 47% in fructose and 40% in glucose) in comparison with the treated ones (a reduction of 22% in fructose and 12% in glucose). This behaviour was probably justified by the higher drying time required for untreated samples to reach the set moisture content. The content of main organic acids (malic, tartaric and citric acids) was reported in Figure 5 and Figure 6 . No significant differences (p < 0.05) in malic and citric acids content were observed between fresh and dried white grapes (for both untreated and treated). Tartaric acid was affected by the drying process with a 10% reduction in both dried samples. As regards red grape, only the untreated samples presented a loss of 7% in tartaric acid. Malic and citric acids were not affected by the drying process. 
Shrinkage Curves
Shrinkage of food materials has negative consequences on the quality of the dehydrated product and increases with the volume of removed water [18] [19] . As expected, a gradual overall shrinkage of the grape cells was observed with drying time. Disruption of cellular walls with consequent cellular collapse was clear from the experiments. At the end of drying, for white grape the volume change of untreated berries was about 35% and only 19% for treated ones. For red grape, the volume changed from about 40% for untreated samples to 30% for treated ones. For white grape the treated samples showed a reduction in sample volume lower than the volume of removed water during the whole drying process, especially for V/V 0 > 0.6. On the contrary, the untreated samples showed that the volume of removed water was similar to the reduction in sample volume (Figure 7) . Similar behavior for red untreated berries was observed (Figure 8) . Treated red grape showed a reduction in sample volume higher than the volume of removed water during the initial stages of drying, but a lower shrinkage than untreated ones during the final stages (V/V 0 > 0.6). By these results, it can be concluded that the abrasive pretreatment produced less shrinkage in white and red grapes at the end of drying process. Probably, the absence of waxy on the peel determines, apart a faster diffusion of water from the inner to the outer zone, that the surface quickly becomes rigid and stopping the shrinkage. Table 2 reported the results of the instrumental TPA attributes for the different dried grapes. Hardness is the force required to compress a food between the teeth or between the tongue and mouth, i.e. the force required to cause deformation [20] . The springiness is the ability to regain shape after compression [20] , while the chewiness measures the energy required to disintegrate a food as to be swallowed [20] . Statistical analysis showed that, for each cultivar, untreated and treated dried samples were similar in terms of hardness, springiness and chewiness. Among the cultivars, the dried samples resulted significantly similar in terms of springiness. But the dried white grapes were harder than red ones and, correspondingly, higher chewiness values were measured for them with respect to red grapes.
Texture Measurements
SEM Measurements
The wax is made up of an amorphous layer, consisting of a series of overlapping hydrophobic platelets and intracuticular wax that is present in structure of the outer epidermis [21] . Although, the presence of waxes in the peel cuticle is an obstacle to drying, it is important to remove it [22] . SEM analysis was used to examine the peel structure of untreated and treated grapes before drying. As an example, in Figure 9 the peel of fresh untreated and treated red grape was shown. The fresh untreated sample exhibited a peel with uniform and compact aspect of waxes (Figure 9(b) ). The effectiveness of the abrasive treatment to remove the waxy layer from the grape surface is clear in Figure 9(a) , where the waxy layer on the peel of the abraded grape appears almost completely removed, in a quite uniform way.
Rehydration Kinetics
Rehydration is one of the important properties used to measure the quality of raisins [23] . It depends on structural changes in vegetal tissues and cells of food material during drying, which produces shrinkage, collapse and reduces the water absorption capacity, thereby preventing the complete rehydration of the dried product. Samples previously dried over longer periods showed lesser rehydration, indicating the presence of modified structures [6] . Furthermore, the literature reports that different pre treatments had a significant effect on rehydration [24] . The rehydration ratio for white and red grapes was presented in Figure 10 . It was observed that both white and red untreated samples showed lesser rehydration ratio after longer drying periods (rehydration ratio of 1.3 in 1400 min), indicating the presence of shrunken and closed structures that avoided the diffusion of water inside the raisin. This behavior was confirmed by shrinkage measurements shown in Figure 7 and Figure 8 . In particular, the treated red grape showed a rehydration ratio (maximum 3.5 in about 400 min) higher than the treated white grape (maximum 2.3 in 250 min). 
Conclusion
The effect of abrasive pretreatment on the drying kinetics and quality parameters of Regina and Red Globe grape cultivars was examined in this research. The results showed that the pretreatment affects the drying kinetics of both grape cultivars. The pretreated grapes showed reduced drying times and rehydration time, due to faster transport of water, and lower shrinkage with respect to untreated ones. This is attributed to the lower resistance offered for diffusion of moisture through the peel due to physical treatment, confirmed by SEM measurements. Moreover, pretreated grapes presented lower reduction in sugar content and in tartaric acid, but similar malic and citric acids and texture properties to untreated ones.
